When a student is away from school for an extended time due to illness, s/he is provided with a tutor or in-hospital classrooms to keep up with studies. This isolates the child from normal classroom experiences.
INTRODUCTION
When a student is away from school for an extended time due to illness, s/he is provided with a tutor or in-hospital classrooms to keep up with his/her studies. This isolates the child from normal classroom experiences.
A remote controlled communication system, PEBBLES, was developed which allows a remote student to communicate with his/her regular class and provides the student with a classroom presence.
There are a number of issues and challenges which make this research project distinct from either research in remote navigation or manipulation of systems, user interface design for children, or video conferencing. A combination of approaches must be used to produce an effective strategy.
The problem of providing effective control of remote systems has been well documented in the literature. A number of different strategies have been employed for controlling remote systems. These include: 1) direct manipulation using video monitoring and a joystick, or programmable switches, etc. [8] ; and 2) multi-dimensional (3-D, 6-D) manipulation with 3-D or stereoscopic displays [8] , [6] , [13] . Many of these control strategies have been investigated for robotic aids performing specific manipulation tasks such as moving physical objects from one place to another as directed by a remote user. The communication system described in this paper must move as directed by a remote student. The system must allow the student to accomplish human-to-human communication tasks with people in a separate geographical location such as a one-on-one discussion with another individual or gaining attention.
Less research and development has been done in designing interfaces for children vs. adults [10] . Many commercial computer products in the entertainment sector are specifically aimed at children (e.g., Nintendo™ and Br ∅ derbund™). The popularity of these products with children seems to indicate that the interface designs are largely successful [9] .
Research in video conferencing has been focused primarily on studying the interactions between adults [3] . Generally these interactions take the form of meetings with specific, goaloriented agendas or tasks (e.g., Montage system developed by Tang and Rua [11] , Hydra/Brady Bunch systems developed by Buxton, Sellen and Sheasby [2] , or distance learning activities [5] in which the teacher lectures to students via a video conferencing system.
Buxton [1] suggests that a crucial element to the success of video conferencing is the ability of users to have a social presence. The concept of video-mediated presence has been studied in a structured, adult environment where participants are following known and practiced social protocols and roles. Researchers suggest that the interactions between users of a video conferencing session are improved through a more realistic sense of presence and awareness of each other [11] . In this project, we are attempting to provide students with a video-mediated presence in an unstructured and dynamic learning environment through the communication system described in this paper. Presence is provided by three representations: physical (a device located in classroom with a "head" and "body"); an audio/visual interface (a video conferencing system); and remote control of the system by the remote user. This paper provides a description of the communication system and the remote control interface. Two case studies are also discussed. These studies were conducted to examine the effectiveness of PEBBLES in allowing the remote student to participate in classroom activities and to have a sense of presence in the classroom. In particular we focus on remote control of the system to perform human-to-human communication tasks. Children's control preferences for this type of system were gathered in an informal study performed early in the life-cycle of this research resulting in the specification of a Nintendo control pad as an input device [12] . A Nintendo controller interfaces with the video conferencing system to perform the seven control actions (left, right, up, down, zoom in, zoom out, attention).
The classroom end of PEBBLES is mobile so that the remote student can be pulled around the classroom allowing him/her to participate in a variety of activities. The classroom monitor is mounted on a pedestal at approximate eye level for a child (age 7-13). The pedestal allows the camera (mounted on top of the television) and the monitor to pan together in response to left and right control signals from the user. The up, down, zoom in, and zoom out controls tilt and zoom the classroom camera. The attention control signal activates a light in order to gain the attention of a teacher or classmates without interrupting.
Although the Nintendo controller was originally specified as an interface for children, it may be appropriate for other users. The controller is small and may suit a person with limited movement in their hands. Its simple button interface allows control movements to be made by pressing a button. Some users may find button controls easier to understand and use than pointing devices.
METHODOLOGY
Two case studies were conducted in series. The first study involved five participants (cub scouts), attending a two-hour session to earn their computer badge. One cub participated from a remote location using PEBBLES.
Training sessions provided to the remote student included familiarisation and practice with the controls to operate PEBBLES in the classroom. The trial consisted of a briefing and debriefing session, and the computer badge activities. Pre-and post-session discussions for the entire group were conducted by the investigators.
Based on the results of this first study, modifications were made to the system to provide an attention mechanism that flashed and remained on for a longer time. A second case study was conducted to examine the impact of this modification and to evaluate PEBBLES over a longer period.
The second study was conducted during a two-week multimedia workshop for people with disabilities at the University of Toronto. Between five and ten participants (over the age of twelve, with and without disabilities) were present at the camp on any one day. The remote participant, a senior female student with a neuromuscular disability, used PEBBLES from home.
Training tasks, similar to those in the first study, preceded the trial, however, technical difficulties introduced a four day delay before the live sessions began. The trial consisted of briefing and debriefing sessions (similar to those in the first study), and the activities of the workshop. In both studies video cameras were used to collect the data.
We report the use of PEBBLES to perform human-to-human communication tasks including: one-on-one discussion, group discussion, and gaining attention. Communication using PEBBLES was characterized by evaluating: the errors by different control tasks, time taken to complete a task, successful completion of the intended action, and use of the attention light.
Control tasks and time taken to complete a task provide an indication of the user's intention to communicate and the ease of initiating and maintaining communication. Control errors, classified as overshoot, undershoot, zoom error, and wrong button, were recorded and analysed for each communication task. Gaining attention in the classroom was measured by the use of the attention light and whether the request was acknowledged.
Successful completion of a task was indicated by initiation, maintenance and closure of a conversation where visual and auditory contact was established. Partially successful completion was defined as missing any one of the above components. A failed attempt was defined as the inability to establish a human-human communication link.
Subjective impressions and attitudes toward PEBBLES and the processes that occurred in the classroom were gathered from the user, the class participants and the class teacher(s) through pre-and post-session discussions. Table 1 provides a sample of some questions asked. 4. What were the major events that occurred during the session Table 1 : List of the questions asked of the participants during the pre-and post-session discussions.
Sample Questions from

RESULTS
The tasks evaluated were: 1 -one-on-one communication, 2 -participating in a group discussion, and 3 -gaining attention. Krishef (1991) suggests that case study methodology or single-subject design can "provide for empirical testing of one type of treatment..." Statistical analysis using ANOVA or ttests are appropriate in analysing case study data to determine whether there is a statistically significant change [7] .
For the first study there were ten occurrences of task 1 and five occurrences of task 2. An ANOVA on occurrence level for control errors between tasks indicated that there was no significant difference between control tasks for all four error types. The mean occurrence level of tasks 1 and 2 is illustrated in Figure 2 . An ANOVA on elapsed time for tasks 1 and 2 indicated no significant difference between tasks for elapsed time.
In the second study, there were seven occurrences of task 1 and three occurrences of task 2. An ANOVA on occurrence level for control errors between tasks and on elapsed time for each task showed no significant differences occurred between control tasks for errors, or between control tasks for elapsed time. Figure 3 illustrates the mean errors for each task.
In the first case study, nine of fifteen task attempts (for tasks 1 and 2) were successfully completed. However, four of the ten attempts to communicate one-on-one, and two of five task attempts to communicate with a group were not completed or partially completed. Figure 4 illustrates this. In case study two, eight of ten task attempts were successfully completed. Two attempts to communicate one-on-one were not completed or partially completed. Figure 5 illustrates these results.
In both case studies, task 3 was defined as the use of the attention light to gain attention of the instructor for the purposes of communicating. Five of nine attempts in the first study and two of three attempts in the second study were unsuccessful.
In case study one, subjective responses were gained through discussion and voluntary contributions. The cub scouts agreed before and after the session that it would be difficult to touch their friend and that he would not be able to type on the in-class computers. However, they said that he was able to participate fully and complete his computer badge. They agreed that the Nintendo control was "really cool". The remote user indicated a difficulty in physically "following" people in the computer room and his map of the computer room seemed to be limited to his immediate field of view.
In case study two, the remote participant and the instructors, expressed a positive experience with PEBBLES. The remote student specified that she was included and not isolated. However, she did experience some difficulties with both the system and the workshop tasks. She reported that initially she had difficulties with the Nintendo controller but that she was able to learn how to use it within two sessions. She said that using the communication system was "exciting". The two camp instructors expressed difficulties in monitoring the remote student's individual work, and giving assignments to the class as a whole. They each indicated that a majority of the classroom teaching activities were not affected by PEBBLES.
In both studies, the remote and classroom participants made comments during the sessions which indicated a presence within the classroom. The remote users visually located a classmate and said "I am going over to see (name of person)." Classroom participants made comments such as "come over here and look at this..."
DISCUSSION
Although the statistical analyses of errors by tasks did not indicate any significance, probably due to a lack of sufficient data, some descriptive observations can be made.
Despite considerable variation in the duration of the two case studies, the number of task attempts was greater in the first study (24 vs. 13). The multimedia workshop required more independent computer work and only a total of approximately 3 to 4 hours of group interaction and instructor/participant interaction. The average successful task completion rate for both case studies is approximately 66% for task 1 and 80% for task 2. For task 1 the average partially completed rate is 27% and average failure rate is 7%. For task 2, the average partially completed rate is 10% and the average failure rate is 10%. In general, partially successful and failed communication attempts were missing visual rather than auditory contact. The remote participants seemed to be satisfied with a partial view of their communication partner in many cases (i.e., a partially successful communication). If the remote participant wanted to engage in a lengthy conversation, an attempt was made to obtain a full view of that person. This may indicate that the auditory component of a conversation is more important than the visual component during a discourse and so a full view is not necessary. In both studies the use of the attention light was largely ineffective. In the first study the light remained on for a very brief time (less than 2 seconds) and was rarely noticed. For the second study, the light was modified to flash for 10 seconds when the attention control was activated. This did not seem to increase its effectiveness. In both studies the light was successful only when the instructors were looking in the direction of the remote user. This may also be true in classrooms where children gain attention by raising their hands when the teacher is looking in their direction. If children do not gain the attention of the instructor, they often wave their hands, and make vocalisations to attract the teacher's gaze. An auditory indicator may be necessary for gaining attention using the communication system in cases where a visual indicator is unsuccessful.
In the first study, the response to the Nintendo interface for control of PEBBLES was positive. The controller was recognized and afforded a natural interface for remote control of PEBBLES. In the second study, the use of the Nintendo controller seemed awkward and unfamiliar. The second participant could be classified as a naïve computer user, who experienced difficulty with computer interfaces (including the navigational keys on the keyboard). Further research is required to gain a better understanding of the factors affecting the appropriateness of the Nintendo controller and other input devices.
Participants in both studies reported having a positive experience and reported enjoying communicating with each other using PEBBLES. Remote participants reported that they did not feel isolated. Classroom participants indicated the presence of the remote participant by speaking directly to him/her.
The positive subjective attitudes toward PEBBLES, and the low number of errors for four control tasks are encouraging. The Nintendo interface appears to be an effective control method for children but may not necessarily be effective for seniors. Based on the results of the two case studies, further development and experimentation is planned for the attention mechanism and for determining its effectiveness in supporting remote communication. We also plan to develop an improved interface with better feedback for the remote user, and an automatic speaker location system to reduce the necessity for control actions. Further evaluation is required to determine the effectiveness of the system in other classroom settings with a variety of activities and users, and for extended periods of time.
